Introduction
Many heterocyclic ring systems like pyrazole, triazole and isoxazole [1] [2] [3] are known to form complexes with various metal ions. Bonding of these ligands to the metal ions occurs through the lone electron pair on the nitrogen atom(s). In our report on the metal(II) solvates of isoxazole [3] we mentioned the occurrence of a high spin-low spin crossover in the iron compound, which appeared to be unique in the sense that this was the first example of such a compound with the iron ions in a regular octahedral environment of monofunctional ligands. In view of the similarity of 1,2,5-oxadiazole to isoxazole we hoped to encounter the same phenomenon with the iron complexes of 1,2,5-oxadiazole. This paper describes the attempts to prepare metal(II) oxadiazole solvates. Hitherto no coordination compounds of 1,2,5-oxadiazole have been reported.
Experimental
Nitromethane was commercially available and was used without purification after storage over anhydrous calcium sulfate. The ligand, 1,2,5-oxadiazole, was synthesized according to the method described by Olofson and Michelman [4] . The complexes were prepared by adding oxadiazole to a solution of [M(CH3N02)6](SbCl5) in nitromethane [5] . The oxadiazole to metal(II) ratio was varied from 3:1 to 8:1, but in all cases complexes with an oxadiazole to metal(II) ratio of 3:1 were obtained. Even recrystallizing of one of the complexes from pure oxadiazole did not result in a complex with a higher ligand to metal ratio. In all cases clear solutions of the complexes in nitromethane resulted. nitromethane in vacuo, the solutions were stored at -5 °C to --15 °C. After a few hours or days crystalline solids separated, which were collected on glass filters and washed with sodium-dried npentane. A copper(II) complex could not be isolated. All compounds decompose when in contact with water. All handling operations were therefore carried out in a P^Os-dried atmosphere. Attempts to prepare [M(ODZ)A.](BF4)2-complexes with the aid of dehydrating agents (triethylorthoformate or acetic acid anhydride) from the corresponding hydrates were not successful.
The metal (II) contents of the compounds were determined complexometrically [6] , the antimony( V) contents were determined iodometrically [7] , and the chloride contents were determined by the Volhard method [7] . No nitromethane was detectable in the solid compounds by infrared measurements. Diffuse reflectance spectra in the visible and near infrared region were recorded on a Beckman DK-2 spectrophotometer using the standard reflectance attachment. Infrared spectra were recorded on a Perkin-Elmer 580 double beam spectrophotometer (4000-180 cm -1 ) as Nujol mulls between CsBr plates and polyethylene plates. X-ray powder diagrams were obtained with a Philips Powder Diffractometer.
Results and Discussion
In Table I six new coordination compounds of 1,2,5-oxadiazole (ODZ) are listed with colours, melting points, and analytical data. From the stoichiometry and the colours of the compounds, together with the consideration that no examples exist of metal-coordinated SbClö", a first indication is gained that the metal ions are hexa-coordinated by the bidentate (and thus bridging) oxadiazole ligands. The non-formation of M(ODZ)j(BF4)2 complexes denotes that oxadiazole is a rather weak ligand. Oxadiazole is apparently not capable of expelling the ligands ethanol or acetic acid from the coordination sphere of the metal ion. In the far infrared spectra of all compounds a strong absorp- tion band is present at about 345 cm -1 (see Table II ). This band is due to the v3(Tiu) mode of the octahedral ion (SbC^) - [8, 9] . Participation of the (SbClö)-anion in the coordination of the metal ions can be ruled out, as in that case the symmetry of the hexachloroantimonate(V) ion would have been lowered from octahedral to tetragonal or trigonal, which would at least have resulted in a splitting of the band at 345 cm -1 .
The infrared spectra of the complexes all show the same pattern of bands and relative intensities. This means that the solid compounds are largely isomorphous. That isomorphism exists within this series of compounds is shown by the X-ray measurements. The diffraction patterns being very similar in d-values and intensities. Compared to the infrared spectrum of oxadiazole itself, in the spectra of the complexes no splitting of bands occurs and no bands appear or disappear. From these observations it can be concluded that the symmetry (C2") of the ligand is retained in the complexes, which implies that -assuming N-coordination -oxadiazole is present in the complexes as a bidentate bridging ligand. In Table II some of the infrared absorption bands of oxadiazole and its complexes are given. The assignment of the ligand vibrations is after Borello et al. [10] . The absorption bands of oxadiazole which are due to vibration modes of the heterocyclic ring all shift upon complexing to higher wave numbers. The magnitudes of the shifts lie in the order Mn < Fe < Co < Ni > Zn. This sequence is in accordance with the general order of stability found by Irving and Williams [11, 12] for this kind of compounds, and which can be regarded as an electronegativity series. The magnitudes of the shifts of the corresponding vibrations in the Mg compound are comparable to the magnitudes of the shifts in the Fe or Co compound, which is normal when ligand vibrations are shifted -metal dependent -to higher wave numbers [13] . This behavior can be understood by realizing that the donor atoms are part of the ring system of the ligands. The inductive effect of the metal ions on these donor atoms affects the force constants of the ring vibration modes, thus producing an Irving-Williams sequence of shift magnitudes. The band at 1178 cm -1 of oxadiazole also shows some 'Irving-Williams character', although it is assigned to the in-plane C-H bending vibration [10] . This is probably due to coupling of this vibration with ring vibration modes. The out-of-plane C-H bending vibration (861 cm -1 ) does not shift upon complexing. Both combination bands (at 1550 cm -1 and at 1620 cm -1 ) also show 'Irving-Williams character'. This is not surprising as these are combination bands of ringvibrations [10] . In the far infrared (between 408 cm -1 and 424 cm -1 ) a band is present which is not due to an anion or ligand vibration. Moreover, the positions of this band follow the Irving-Williams sequence, while the position of this band in the Mg-complex lies highest. This behavior is typical for a metalligand vibration [3, 13, 14] . The reflectance spectrum of the iron compound in the visible and near infrared shows one asymmetrical band, apparently consisting of two component bands about 2200 cm -1 apart. This might well be caused by a Jahn-Teller splitting of the upper 5 Eg level [15] . The reflectance spectra of the cobalt and nickel compounds are typical for octahedral coordination. Accordingly (see Table III ), assignments of the bands and calculations of the ligand field parameters were performed [16, 17] . The values for the spectrochemical parameter (Dq) lie in the range which is normal for nitrogen donor ligands [3, 13, 16, 17] . These values are much too high for oxygen coordination [9, 12, 16, 17] ; and, in addition, it can be remarked that hitherto no examples of similar complexes are known, in which coordination occurs via oxygen atoms which are part of an aromatic system.
ODZ
Considering that the anion does not participate in the coordination of the metal ions, that the compounds are isomorphous, and that the metal ions are hexa-coordinated, it is clear that oxadiazole functions as a bidentate bridging ligand in our complexes [M(l,2,5-oxadiazole)3] (SbCl6)2. This means, however, three possibilities for the structure of these compounds. It may consist of linear chains of triply bridged metal ions, or of a three-dimensional network of singly bridged metal ions, or of two dimensional sheets of doubly and singly bridged metal ions. On the ground of magnetic measurements a choice between these possibilities could not be made. No evidence for interaction between the paramagnetic ions was obtained by susceptibility measurements down to 1.95 K and magnetisation measurements at 4.2 K of the cobalt compound. In connection with the good solubility of the complexes in nitromethane one is tempted to accept the first possibility.
Upon cooling to liquid nitrogen temperatures, the iron compound retains its spin state. So, although the ligand 1,2,5-oxadiazole is similar to the ligand isoxazole, no spin crossover occurs contrary to the isoxazole-iron compounds [3] . This can be understood by noting that the ligand field strength of oxadiazole (Dq(Co) = 1015 cm -1 and Dq(Ni) = 1025 cm -1 ) is significantly lower than the ligand field strength of isoxazole [3] (Dq(Co) = 1140 cm -1 and Dq(Ni) = 1135 cm-1 ).
Conclusions
The existence of metal(II) complexes with 1,2,5-oxadiazole as the ligand has been proved. These complexes can be synthesized quite easily when moisture is thoroughly excluded. The metal ions are in a regular octahedral environment of six nitrogen atoms. Oxadiazole thus acts as a bidentate bridging ligand.
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